SYNOPSIS. The ability of animals to recognize and classify others reflects the selective pressures acting on individuals within a particular social framework. Data on recognition therefore allow us to consider social structure from the animal's point of view. Here we review data on recognition within groups of free-ranging vervet monkeys, and present evidence of recognition across groups. Within groups, experiments suggest that animals may proceed beyond simple discriminations of kin and non-kin to create a taxonomy in which group members are both distinguished as individuals and grouped into higher order units, apparently on the basis of matrilineal kinship. Across groups, observation indicates that male transfer is non-random, and that the exchange of males between groups is correlated with reduced aggression. Playback experiments demonstrate that monkeys associate the vocalizations of particular individuals with particular groups. We conclude that the social organization of vervet monkeys is best regarded as a "community" of groups, within which individuals recognize each other and share a high degree of genetic relatedness despite the maintenance of otherwise discrete social units. Ad Ad Ad Ad J J J J J J
INTRODUCTION
Nepotism occurs when an individual selectively distributes unreciprocated assistance among conspecifics according to its degree of relatedness to them (Hamilton, 1964) . Among non-human primates, there is evidence to suggest that even slight differences in degrees of genetic relatedness are correlated with differences in cooperative behavior (Kurland, 1977; Massey, 1977) . Such cooperation is consistent with kin selection theory, and strongly suggests that group-living animals can discriminate among related and unrelated individuals. The recent emphasis on nepotism, however, has distracted attention from the fact that group-living animals must occasionally make complex discriminations among unrelated individuals. Old World Monkeys, for example, live in social groups that include many unrelated individuals, and monkeys regularly interact with those outside their immediate kin group. Each of these animals has different associations and bonds with other group members, and knowledge of this complex network of relationships may be crucial to a monkey's 1 From the Symposium on From Individual to Species Recognition: Theories and Mechanisms presented at the Annual Meeting of the American Society of Zoologists, 27-30 December 1980, at Seattle, Washington. success in competing with others for access to scarce resources or desirable social partners. Does a monkey recognize the relationships that its fellow group members have with each other? For example, can a monkey recognize that animals A and B are the offspring of animal C?
The ability of monkeys to recognize and classify other individuals reflects the selective pressures acting on individuals within a particular social framework. Data on recognition therefore allow us to consider social structure from the monkey's point of view. Among human societies, social anthropologists have long used kinship terms as a tool to study how individuals classify each other, and such classifications often have two distinctive features. First, they are hierarchical: group members are not just distinguished as individuals, but are arranged into higher-order units on the basis of blood relations, marriage, or some other factor. Second, human classification is not simply egocentric: an individual knows not only how others stand in relation to himself, but also how they stand in relation to each other.
Thus far, few analogous forms of complex recognition and classification have been documented in non-human species under natural conditions. This is not to say that animals are incapable of understand-ing hierarchical relations between sets of objects. Premack (1976) , for example, was able to teach a chimpanzee not only the distinction between red, blue, and green, but also the relation "red is a type of color," "blue is a type of color," and so on. This paper examines the extent to which free-ranging vervet monkeys (Cercopithecus aethiops) make similar classifications of each other, and discusses the possible selective forces that might give rise to complex classificatory abilities. In the first part of the paper, we summarize data on social interactions within the group, and examine the extent to which they lead to complex, hierarchical discriminations among both kin and non-kin. In the second part of the paper, we discuss relations between groups, and document the existence of cross-group recognition within a local population.
INTERACTIONS WITHIN THE GROUP: OBSERVATIONS
The vervet monkeys discussed in this paper have been studied continuously since early 1977 in Amboseli National Park, Kenya. The study population consists of 11 groups whose ranges are contiguous. Three groups have been studied intensively, and a fourth group was recently added to this detailed investigation. Since 1977, the study groups have ranged in size from as few as 11 to as many as 26 individuals.
As with many other species of Old World Monkeys, female vervets remain in their natal groups throughout their lives, while males transfer to neighboring groups at around sexual maturity (see e.g., Kawai, 1958; Sade, 1965 Sade, , 1972 Koyama, 1967; Struhsaker, 1967a; Boelkins and Wilson, 1972; Sugiyama, 1976; Cheney and Seyfarth, 1977; Dittus, 1979; Packer, 1979a) . Within the group, both adult males and adult females can be ranked in linear dominance hierarchies, based on the direction of approach-retreat interactions. While the ranks of adult males appear to be dependent upon such factors as age, tenure in the group, fighting ability, and the presence of allies, females usually assume ranks similar to those of their mothers (Kawai, 1958; Sade, 1965 Sade, , 1972 Missakian, 1972; Boelkins and Wilson, 1972; Packer, 1977, 19796) . As among baboons and macaques, juveniles generally assume their mothers' ranks in disputes, with the result that a vervet group could well be described in terms of a hierarchy of families (Cheney, 1977 and unpublished data; Massey, 1977) .
Social interactions in groups of Old World Monkeys are not distributed at random. Individuals interact with others selectively, and appear to "choose" partners by observing interactions in which they themselves are not involved. A large proportion of social interactions among adult female baboons, macaques, and vervets, for example, occurs between adjacently-ranked individuals who are usually also close genetic relatives (Sade, 1972; Oki and Maeda, 1973; Seyfarth, 1976 Seyfarth, , 1977 Seyfarth, , 1980 . Evidence from a group of captive macaques also suggests that the rate at which monkeys interact with their relatives is positively correlated with their degree of genetic relatedness, such that individuals ally themselves most with offspring and least with cousins (Massey, 1977 (Massey, , 1979 .
In addition to forming bonds with close genetic relatives, however, Old World Monkeys also interact with unrelated individuals. Adult females, for example, compete with each other for the opportunity to groom the members of high-ranking families, and it has been postulated that bonds with high-ranking animals may permit lower-ranking females to gain access to resources from which they might otherwise be excluded (Seyfarth, 1976 (Seyfarth, , 1977 (Seyfarth, , 1980 Chapais and Schulman, 1980) . Data on female-female competition in baboons and vervets indicate that individuals do not simply discriminate between animals who are dominant or subordinate to themselves, but recognize the precise rank which each other individual holds relative to other group members (Seyfarth, 1976 (Seyfarth, , 1980 . Observational data on a number of species of Old World Monkeys therefore indicate that individuals recognize each other not just in terms of who is dominant/ subordinate or related/unrelated to themselves, but also in terms of those animals' exact ranks and degrees of relatedness. Below, we describe playback experiments that were designed to test these observational results more precisely.
INTERACTIONS WITHIN THE GROUP: PLAYBACK EXPERIMENTS
During 1977 and 1978, we investigated experimentally the manner in which vervet monkeys classify other group members on the basis of vocal cues alone. Individual differences in vocalizations occur in many avian and mammalian species, and a number of experiments have demonstrated recognition between parents and offspring (Beer, 1969; Hansen, 1969; Petrinovich, 1974; Balda and Balda, 1978; Kaplan et al, 1978; Beecher et al, 1981) . In our particular series of experiments, we were interested in using vocalizations as a means to examine what vocal recognition reveals about the manner in which monkeys classify each other. For example, if a mother recognizes the voice of her offspring, does this mean that she simply divides young animals into two categories (offspring vs. others), or is there evidence of finer discrimination on a truly individual basis?
To investigate this issue, we conducted a series of playback experiments on maternal recognition of juveniles' vocalizations in two groups of free-ranging vervet monkeys. Adult females and their two-yearold juvenile offspring were chosen as subjects because our observations had revealed that mothers often intervened in their offsprings' disputes. We therefore hypothesized that, if vocal recognition exists, the screams of individual juveniles should evoke strong, measurable responses from their mothers. Playback experiments were conducted in two groups, each of which contained at least seven juveniles between one and three years of age. We selected for playback three to four typical scream bouts of four different juveniles (two from each group), matched for age, sex, and mother's rank. Details of the experiments have been published elsewhere , and will therefore only be summarized here.
When conducting an experiment, we first waited until the mother of one of the designated juveniles was out of sight of her offspring and in close proximity to two other "control" females who also had offspring in the group. A speaker was then concealed approximately 7 to 15 m from the females. We systematically varied the speaker's position relative to the mother so that no female ever received all screams from the same direction. One of us operated the experimental tape using a tape recorder attached by a cable to the speaker, while the other filmed the females using a sound movie camera. Filming began 10 sec before the scream was played and continued for an equal period of time after the bout ended. We were therefore able to obtain an accurate record to estimate the probability that each female would look toward the speaker before and after each scream bout, as well as the latency and duration of each female's response. Four trials were conducted on each mother-offspring pair, using a different scream bout for each trial. Trials on females in any one group were always separated by at least two days.
When the behavior of each female after each playback was compared, we found that mothers showed a significantly shorter latency than controls to look toward the speaker. Mothers also looked in the direction of the speaker for longer durations than did controls . These responses demonstrated that adult female vervet monkeys living under natural conditions were able to classify juveniles into at least two categories (offspring and non-offspring) on the basis of voice alone. Were they capable of discriminating among the offspring of others?
When the responses of control females were compared to their behavior before each playback, we found that playbacks significantly increased the probability that controls would look at the mother. There was no change, however, in the probability that controls would look at each other (Table 1). Playbacks were also more likely to cause control females to look at mothers than at other controls ( Table 1 ). The controls' behavior did not appear to be caused simply by cues received from the mother (see Cheney and Seyfarth, 1980 , for a more detailed discussion). Instead, control females behaved as if they were able to associate particular screams with particular (1) Did playbacks cause controls to look at mothers? (2) (1) and (2) compare the behavior of controls before and after each playback. (3) tests whether playbacks caused more control females to look at mothers than at other controls. (3) eliminates females who looked at mothers or controls both before and after playback. juveniles, and these juveniles with their mothers. The monkeys appeared to proceed beyond simple egocentric discriminations such as "my offspring" vs. "another juvenile" to create a hierarchical taxonomy, in which group members were both distinguished as individuals and arranged into higher order units, apparently on the basis of matrilineal kinship.
INTERACTIONS OUTSIDE THE GROUP: OBSERVATIONS
Playbacks of screams provide experimental support for the hypothesis that monkeys make complex classifications of their fellow group members, even when using vocal cues alone. These complex classificatory abilities, however, occur within the group, where animals observe and interact with each other regularly. Does this ability extend beyond the immediate social group, to contexts in which individuals have little direct experience with each other? If so, what selective advantage might an animal gain from attending to interactions outside its group, in which it is not involved?
Monkey groups do not exist in social isolation from one another. As mentioned earlier, males transfer to neighboring groups when they mature, and our observations indicate that male transfer both affects and is affected by relations between groups. Vervet groups inhabit small ranges that average only 0.4 km 2 in size (Struhsaker, 1967a ; Lee, personal communication). The ranges have relatively fixed boundaries, and are actively defended against incursions by other groups (Struhsaker, 1967a; Cheney, 1981) . The three main study groups each have at least three contiguous neighbors. In theory, therefore, males could transfer to any one of a number of adjacent groups. Instead, at least since 1977, transfer has been distinctly nonrandom (Fig. 1) . Males from Group A, for example, have transferred to Group B, and males from Group B have tended to transfer to Group A. This non-random distribution of male movement is correlated with reduced hostility in relations between groups.
The quality of intergroup encounters may vary from marked aggression to the exchange of friendly gestures between the members of different groups. Not all individuals in each group initiate affinitive interactions with the members of other groups, and adult females are generally less friendly than other age/sex classes (unpublished data). Nevertheless, when individuals do initiate friendly behavior during in-tergroup encounters, they are most likely to do so when interacting with the members of groups to and from which males have previously transferred (Table 2) .
We have not yet determined the causal relationship between reduced aggression during intergroup encounters and male transfer. Males may transfer to groups from which they receive little aggression because reduced hostility facilitates integration into a new group. Males and females may also simply be less aggressive toward groups with which males have previously been exchanged. It seems probable that both males and females exert an influence on whether or not male transfer will occur. As a result, male movement may be constrained both by the distribution of previous transfers and by the history of their natal group's relations with each of its neighbors.
Our observations of intergroup encounters and male transfer suggest that both males and females recognize and distinguish between individuals who are not members of their immediate social group, and with whom they do not interact on a regular basis. In the case of males, evi- Intergroup gestures are defined as aggressive or friendly gestures given to the members of other groups. Other groups are divided into two categories: those with which male transfer has occurred since 1977, and those with which male transfer has not occurred. All individuals who were observed to initiate friendly interactions are listed. The numbers of individuals in each group, excluding infants, are as follows: Group A = 15, B = 13, C = 17. Ad = adult; SA = subadult; J = juvenile. dence suggests that individuals monitor events in other groups and perhaps choose when to transfer on the basis of their knowledge of such events. Of 11 transfers by fully adult males, for example, nine have assumed higher dominance ranks in their new groups than they had in their old g r o u p s (Two-tailed binomial test, P = 0.066). In the case of females, reduced hostility toward the members of particular groups suggests that even animals who do not transfer recognize individuals outside their own social unit. To test this hypothesis, we conducted a series of playback experiments which were designed to determine whether vervets recognize the members of other groups on the basis of voice alone.
INTERACTIONS OUTSIDE THE GROUP: EXPERIMENTS
We used as a stimulus a vocalization that is peculiar to intergroup encounters, and which is uttered only by adult females and juveniles-animals who have never lived in another group. The vocalization, called the "long aarr" by Struhsaker (19676) , is composed of a number of phrases consisting of tonal and non-tonal units. The phrases are longer in duration than those used during social interactions within the group (Struhsaker, 19676) . The stimuli used for playbacks were composed of two or three bouts of phrases, lasting a total of 10 sec. The call could be heard from approximately 150 m away.
For the first series of trials, we used the intergroup vocalization of an adult female from Group D. Subjects were six members of Group C (three adult males, one adult female, and two juvenile females aged 4.5 and 3.5 yr). Figure 1 illustrates the relative location of each group's range. In a typical trial, we first waited until two of the designated Group C subjects were in close proximity, and in an area of their group's range that did not overlap with that of another group. We then hid a speaker either in the range of Group D or Group B, approximately 100-150 m from the subjects. One of us filmed the monkeys for 15 sec, while the other operated a tape recorder attached to the speaker b\ a 20 in
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FIG. 2. Means plus standard deviations for durations of responses to vocalizations played "home" and "away." * denotes a significant difference between "home" and "away" trials, using a one-tailed Wilcoxon test. Duration is measured in frames of film, at 18 frames per sec. See Table 3 for sample sizes and precise duration of responses. A = adult; SA = subadult; J = juvenile. cable. After 15 sec, we played the vocalization of the Group D female, and continued to film the subjects for 45 more sec. All playbacks were conducted at a time when, to the best of our knowledge, neighboring groups were out of sight and earshot of Group C. No playbacks were begun if subjects were already looking in the direction of the speaker. Three subjects heard the vocalization first from Group D's range ("home"), and three subjects heard the vocalization first from Group B's range ("away"). The environmental context in which subjects heard the call, whether on the ground or in a tree, was controlled, and trials were always separated by at least three days. Responses were examined using frame-by-frame analysis, which measured the duration that subjects either looked in the direction of the speaker, approached the speaker, displayed, or climbed higher in a tree, either to display or to look in the direction of the speaker.
Analysis of the filmed experiments indicated that five of six subjects responded for a longer duration to the vocalization played from Group B's range ("away") than to the vocalization played from Group D's range ("home") ( Table 3 ; Fig. 2) . Although not significant, these results suggested that both male and female vervets are capable  TABLE 3 . The duration of responses to "home" and "away" vocalizations. Units in each cell are number of frames, taken from 45 sec filming at 18 frames/sec. See text for definition of response. Time spent looking in direction of the speaker during the 15 sec before playback has been subtracted from the result. * = subjects who heard "away" vocalization second. of associating a particular vocalization with a specific group's home range, even when the vocalizer is a female who has interacted only infrequently with the individuals hearing the call.
There are at least two ways, however, in which the design of these playbacks was flawed. First, the vocalization of only one individual was played, so cross-group recognition of more than one animal could not be documented. Second, and more important, in this series of playbacks the "away" vocalization was always played from Group B's range, and the "home" vocalization was always played from Group D's range. It is therefore possible that subjects responded most strongly to the "away" vocalization because for some ecological or social reason the monkeys in Group C were more active in defending their range and responding to intruders on the border with Group B than on the border with Group D.
In order to control for these two possibilities, we designed two more series of experiments. For the second series of exper-FIC. 3. An illustration of the protocol used in two paired playback trials, in which the vocalizations of females from Groups A and C were systematically played from the ranges of Groups A and C to subjects in Group B.
iments, we used as stimuli the intergroup vocalizations of an adult female from Group A and an adult female from Group C. Four members of Group B, an adult male and three adult females, were chosen as subjects. As in the first series of experiments, playbacks were conducted on two subjects simultaneously. In each paired trial, we systematically varied the order in which subjects heard a given call, and the location from which each female's call was played. Figure 3 illustrates the experimental protocol for two pairs of trials. The order of stimulus presentation was reversed for each pair of subjects. The third series of experiments used the vocalizations of two 5.5-yr-old natal males from Groups A and C, and a 3.5-yr-old female from Group C. The subjects for these three paired trials were an adult male and female from Group B. As in the second series of trials, the order of stimulus presentation was systematically varied. When films of the playback trials were analyzed, we found that subjects responded most strongly to the vocalizations when they were played from their respective "away" positions (Table 3 ; Fig.  2) .
These experiments provide confirmation of cross-group recognition of vocalizations by vervet monkeys. Vervets seem to identify with which group a particular vocalization is associated, even when the vocalizer is a subadult male who is at the age when transfer is likely. Recognition of even those individuals who may not be perma-nent members of any particular group suggests that monkeys actively monitor events in different groups, and recognize, on a daily basis, where individuals in other groups are located.
DISCUSSION
Regardless of whether they are dealing with kin or non-kin, free-ranging vervet monkeys clearly make complex classifications of other individuals, both within and across groups. Such classifications, we have argued, provide us with a glimpse of social structure from the monkey's point of view, and help us to understand the selective forces acting on individuals within a complex social framework.
Why might natural selection have favored the ability of monkeys to recognize the relationships that other animals have with each other? We believe that a consideration of the social environment of nonhuman primates provides some clues about why such an ability might have evolved. Most Old World Monkeys live in stable social groups consisting of both related and unrelated individuals. Within such groups, animals compete with each other both for access to scarce resources and to form those social bonds that bring the most potential benefit (Seyfarth, 1976 (Seyfarth, , 1977 (Seyfarth, , 1980 Cheney, 1977 Cheney, , 1978 Dittus, 1977 Dittus, , 1979 Chapais and Schulman, 1980; Wrangham, 1981) . Such competition places strong selective pressures on an individual's ability to predict the behavior of others, not only from direct experience, but also from attending to interactions in which it is not involved, and which it may not even be able to see (Simpson, 1973; Humphrey, 1976) .
Theories based on kin selection, together with data on male transfer and intergroup encounters from the Amboseli vervet population, suggest a number of hypotheses for the adaptive value of recognition across groups. It has been argued that a primary function of male transfer in Old World Monkeys is the avoidance of inbreeding (see, e.g., Linburg, 1969; Packer, 1979a) . The distribution of male transfer in our vervet population suggests, however, that males may not be avoiding inbreeding as much as they might if they simply transferred to neighboring groups at random (see Baker and Marler, 1980) . Repeated male transfer within a local population of groups increases genetic relatedness between individuals across groups, and may favor the ability of individuals to recognize and distinguish between the members of each neighboring group. Kin selection theory predicts that relations between groups that have previously exchanged males should be less aggressive than relations between groups that have not, since monkeys in the former type of group are more likely to be closely related to each other. For males, the ability to recognize individuals on the basis of observation rather than frequent, regular interactions may permit an individual to monitor events in other groups, and perhaps to choose when and where to transfer. For females, such recognition may allow an individual to modify her behavior during intergroup encounters depending upon the pattern of previous male transfers and the history of her group's relations with each of its neighbors.
Finally, if non-random patterns of transfer persist over a number of years, the average degree of relatedness between certain groups may approach that within groups, and it may become advantageous for males to transfer outside the local population. At this point, selection should favor males who are able to distinguish among a number of groups, and transfer only to those groups where the risk of inbreeding is relatively small. Similarly, selection should favor females who can discriminate among males of different groups and who may subsequently resist continued transfer from the same group. Sherman (1980) has suggested that the degree of individual discrimination in any given species both reflects and is limited by demographic factors such as dispersal and mortality. Because cooperation should not extend to relatives whose occurrence in space or time is infrequent, both dispersal and mortality potentially limit individual recognition, and hence nepotism, among kin. In species such as ground squirrels, for example, individuals do not appear to discriminate among relatives less closely related than siblings, largely because they do not interact regularly with them (Sherman, 1980) . Old World Monkeys, however, appear not only to make fine discriminations of both kin and non-kin, but also to recognize individuals outside the immediate social group. As a result, the social organization of vervet monkeys is perhaps best regarded in terms of a "community" of groups, within which individuals recognize each other and share a high degree of genetic relatedness despite the maintenance of otherwise discrete social units.
Attempts to investigate the cognitive abilities of apes and monkeys often focus on the extent to which non-human primates classify objects in the external world, and act adaptively on the basis of their extrapolations (see, e.g., Premack, 1976; Premack and Woodruff, 1978a, b; Savage-Rumbaugh etal, 1978 Seyfarth and Cheney, 1980) . As yet, however, few attempts have been made to consider how the ability of non-human primates to classify objects in their environment might have evolved. It may well be that this ability derives from the selective pressures acting on individuals to make complex, hierarchical classifications of what is perhaps the most important feature of their environmenteach other. ACKNOWLEDGMENTS We are grateful to the Office of the President, Republic of Kenya, for permission to work in Amboseli National Park. We are especially grateful to J. Kioko and B. Oguya, the Wardens of Amboseli during our research, for their kind assistance and cooperation. P. Marler, P. McArthur, and M. D. Searcy read earlier versions of this manuscript, and we thank them for their comments. Research was supported by grants from the Wenner-Gren Foundation (DLC), NSF postdoctoral fellowship (DLC), NIMH postdoctoral fellowship MHO 7446-01 (RMS), the H. F. Guggenheim Foundation (DLC and RMS), NSF grant BNS80 08946 (DLC and RMS), and NSF grant BNS77 16894 to Peter Marler.
